2008). The aim of the present study is to evaluate the Grand fir as a soil-improving species in the area of the University Training Forest in Kostelec nad Černými lesy. In this region, typical of larger areas of Central Bohemia, the structure and development of humus forms were studied in close-to-nature stands (Podrázský, Remeš 2007b) as well as the soil changes after conversion into spruce monocultures (Podrázský 2003b) . Now, the re-conversion of the stands and effects of particular tree species on the humus forms are studied in this process and the results are presented.
MATERIAL AND METHODS
Research was conducted in the area of the University Training Forest in Kostelec nad Černými lesy, in stand 409 F. The bedrock is sandstone with loess overlays, the site is characterized by the forest type 4P1 -acid oak-fir forest on pseudogley soils (Querceto-Abietinum variohumidum acidophilum Luzula pilosa -Viewegh 2003) . The studied parts of the stand are characterized by transition from Luvisol (dominant) to Pseudogley (Němeček et al. 2001) Various indexes indicate statistically significant differences in the framework of the same horizon These parameters were analyzed: -amount of surface humus (holorganic layers) at 105°C, -content of total nutrients after mineralization with sulphuric acid and selenium, amount of nutrients within holorganic layers calculated per 1 ha, -pH in water and 1 N KCl solutions, -soil adsorption complex characteristics according to Kappen (S -base content, H -hydrolytical acidity, T -cation exchange capacity, V -base saturation), -total carbon (humus) content according to Springel-Klee and total nitrogen content according to Kjeldahl, -exchangeable nutrient content in the Mehlich III solution.
The statistical evaluation was performed using the statistical software S-PLUS by the analysis of variance. The results were evaluated by Scheffe's method by multiple comparisons at the 95% significance level. The ecologically corresponding horizons were compared. Important note: in the tables, different indexes designate statistically significant differences at the 95% significance level in the same/corresponding horizons, the same indexes or their absence mean no significant differences occur.
RESULTS AND DISCUSSION
The establishment of stand parts with different species composition led together with the smallclearcut effects to a lowering of the surface humus amount ( Table 1 ). The young spruce stand showed a less marked decrease, all other species were very similar as for their effects. In the young stands, a non-significant decrease in the nitrogen concentration was documented, the decrease was indicated as being only insignificantly higher in the broadleaved stands. This is connected with the higher demand of Various indexes indicate statistically significant differences in the framework of the same horizon these species, documented also in other cases (Podrázský, Remeš 2008) . The amount of nitrogen fixed within the holorganic layers showed the same trend as the surface humus amount. The total phosphorus content showed the same level in all stands with the exception of significantly higher values in the Grand fir one -recycling this element very effectively. In all the young stands significantly higher concentrations of total potassium were documented, the total sum was higher than in the old stand because of higher accumulation of necromass. Potassium is so recycled very intensively by the fast growing tree stands.
In the young spruce stand, the amount and content of total calcium decreased, an increase was observed in the other species. The only significant increase was documented in the Grand fir ecosystem again. All young stands showed an increase in the total magnesium content, the decrease of the amount was similar to that in the total surface humus weight.
In similar conditions, a decrease in the surface organic matter and an increase in the basic macroelement content were documented after canopy lowering (Podrázský, Remeš 2007b), changes of the base concentrations as well (Podrázský, Viewegh 2005; Podrázský, Remeš 2005a , 2007c .
Grand fir showed the highest, statistically significant, effects on the soil chemistry: increase in the soil reaction (both types), base content, base saturation ( Table 2 ). The hydrolytical acidity decreased less compared to the broadleaved species, but in the other soil chemistry characteristics this species was superior to the other tree species. The old and young Norway spruce stands differ in the same trend, the broadleaved tree species showed the effects of medium intensity. These effects were also documented in other cases -the effects of Grand fir consisted in the higher accumulation of surface humus of high quality. The broadleaved species showed the more rapid decomposition of litter, but sometimes with less favourable soil chemistry characteristics (Podrázský 2003a,b; Podrázský et al. 2003; Podrázský, Remeš 2008) . This can be Various indexes indicate statistically significant differences in the framework of the same horizon very often ascribed to the specific demands of the particular tree species and to higher demands of broadleaved trees especially for phosphorus, potassium and bivalent bases. The total humus content (total carbon content × 1.724 coefficient -rough estimation only) was lowered in the young spruce stand due to more intensive surface humus transformation -mineralization and humification -in the period of stand regeneration. This can occur due to the process of natural regeneration (Podrázský, Remeš 2007b), thinning (e.g. Šarman 1982, 1985) or clear-cutting (Podrázský, Remeš 2005b) . The broadleaved species with their litter of higher quality caused an even more marked lowering of the total humus contents compared to coniferous monocultures (Fabiánek et al. 2009 ). Grand fir was fully comparable with the broadleaves in the studied case. The total nitrogen content according to Kjeldahl showed similar trends, but the Grand fir exhibited even lower nitrogen losses. The regeneration phases together with high demands of fast growing young stages of the forest tree species are leading to nitrogen extraction from the soil (Table 3 ). The C/N ratio was decreased in the young spruce stand, even more in the other stands. The Grand fir showed a similar or lower ratio compared to the broadleaved tree species. Table 4 documents the contents of plant available (exchangeable) nutrients in individual horizons of particular stands. The content of plant available phosphorus increased especially in the oak and Grand fir stands, showing upward tendencies in all parts of the young stand. Potassium concentrations grew especially in the broadleaved stands, partly in correspondence with the total form of macronutrients. The bivalent cations showed downward tendencies in lower (H, Ah) horizons of young spruce, Grand fir and broadleaved stands, the increase in upper horizons (L, F) was documented for Grand fir and broadleaves. This probably indicates the increased uptake of these elements and transport in litter and slightly transformed humus matter. The humus forms underwent considerable quantitative and qualitative changes and indicate visible changes after the forestry treatments studied. The Grand fir effects are also visible and the results provide an important evidence of its environmental functions.
CONCLUSIONS
All the results, obtained in the present study, document the increased humus mineralization and transformation after the forestry treatments and during the regeneration processes. The reduction or removal of the canopy results in the lowering of the surface humus amount and changes in its qualitative characteristics.
In spite of the Grand fir, the quantitative effects were comparable to the most important broadleaved tree species studied: beech and oak. European beech is considered to be one of the most important site improving and stabilizing tree species. The Grand fir is similarly effective as for quantitative aspects.
The characteristics of the soil chemistry, i.e. soil reaction, soil adsorption complex characteristics, humus and nutrient contents, also improved visibly, often significantly, after the regeneration and tree species change. The young Norway spruce showed less marked changes.
From the qualitative aspect, the Grand fir was fully comparable with the studied broadleaved tree species and its characteristics as site-improving species were confirmed without doubt. The high production potential -in contrast to beech and oak as codominants in coniferous monocultures -supports its cultivation to a larger extent. The introduction of Grand fir as production increasing and site improving species has to be recommended to a reasonable extent and at convenient sites.
